Each year, Ͼ5 million children undergo surgery in the United States, and it is estimated that up to 75% of patients experience significant postoperative pain. 1 Tonsillectomy and adenoidectomy is one of the most common pediatric surgical procedures and is well known to be associated with significant postoperative pain. 2 Indeed, researchers outside the United States suggested high levels of pain after tonsillectomy and adenoidectomy, as well as undertreatment of postoperative pain by parents. [3] [4] [5] [6] [7] [8] [9] [10] [11] The majority of those studies, however, had methodologic limitations such as small sample sizes, limited use of validated pain measures, and lack of a standardized approach to anesthesia and surgery.
To date, very few researchers in the United States have examined children's postoperative pain management in the home systematically. Therefore, the purpose of this controlled study was to provide a descriptive picture of children's pain after tonsillectomy and adenoidectomy surgery in the United States, using a large sample size, validated outcome measures, and standardized anesthetic and surgical techniques.
The findings of this study are of particular importance to pediatricians because pediatricians, rather than surgeons or anesthesiologists, handle the majority of postoperative follow-up care at home. Poor postoperative pain management among children has been linked to increased utilization of unscheduled medical visits, the majority of which are addressed by family physicians or pediatricians, rather than surgeons or physicians in the emergency department. 9 
METHODS

Participants
Participants were 261 consecutive outpatients 2 to 12 years of age (meanϮ SD: 6.21 Ϯ 2.39 years), with American Society of Anesthesiology physical status I or II, who were scheduled to undergo routine tonsillectomy and adenoidectomy under general anesthesia. Exclusion criteria included American Society of Anesthesiology classification III or IV, any indication for postoperative admission, developmental delay, chronic illness, premature birth, history of affective disorder, use of psychotropic medications, and BMI of Ͼ25 kg/m 2 . The exclusion criteria were used to standardize the study population. Specifically, children with physical or emotional impairments react to the stressors of surgery and hospitalization differently than do children without such impairments. An institutional review board approved the study, all parents provided written informed consent, and children provided assent as appropriate. Baseline demographic characteristics are presented in Table 1 .
The data collected for this study were part of a National Institute of Child Health and Human Developmentsupported trial examining correlates of perioperative distress in children. The main results of the grant-funded study were reported elsewhere 12 ; however, all data reported here were not presented previously.
Measures
Nurse Pain Report: Visual Analog Scale for Pain
The visual analog scale (VAS) is a widely used observational measure of pain. 13, 14 Nurses completed the VAS at 5 time points in the hospital (admission to the General Clinical Research Center [GCRC] hospital floor, hour 6, hour 12, hour 18, and hour 24). The testretest reliability of the observational VAS is high when results are measured on adjacent days. 15, 16 
Parent Pain Report: Parents' Postoperative Pain Measure and Numeric Rating Scale
The Parents' Postoperative Pain Measure (PPPM) is a 15-item, observational checklist with which parents rate behavioral changes that correspond to pain severity. 17 The PPPM, with the use of a cutoff score of 6, has excellent specificity and sensitivity in identifying children in significant pain, and the measure has good internal consistency. 17 The PPPM is recommended as a well-established, observational measure for parents to assess children's postoperative pain in the home, and it has demonstrated high interrater reliability and good construct validity. 18 Parents also provided a global rating of their child's pain by using a daily numerical rating scale. Specifically, at 4 time points at home (day 2, day 3, week 1, and week 2), parents completed a 0-to-10 numerical rating scale of their child's pain over the previous 24 hours. The numerical rating scale had anchors at both ends of the continuum, with 0 labeled "no pain" and 10 labeled "worst pain ever."
Child Preoperative Distress: Modified Yale Preoperative Anxiety Scale
The Yale Preoperative Anxiety Scale is a structured observational measure of preoperative anxiety in children. 19, 20 This 27-item measure is composed of 5 domains of behavior that reflect anxiety in young children. The Modified Yale Preoperative Anxiety Scale (mYPAS) was developed and validated by our study group and has been demonstrated to have good to excellent interobserver and intraobserver reliability and criterion validity. 19, 20 Child Temperament: Emotionality, Activity, Sociability, and Impulsivity Temperament Survey
The Emotionality, Activity, Sociability, and Impulsivity Temperament Survey (EASI) is a 20-item, standardized measure of behavioral aspects of temperament in children, including emotionality, activity, sociability, and impulsivity. 21 Higher scores indicate higher baseline emotionality, activity, sociability, or impulsivity. The EASI has demonstrated good test-retest reliability and validity. 22 
Parental Anxiety: State-Trait Anxiety Inventory
The State-Trait Anxiety Inventory (STAI) is a widely used measure of both state (situational) and trait (baseline) anxiety. 23 The STAI is well validated and has good reliability. 23 Parents completed the trait subscale at study recruitment and completed the state subscale during preoperative holding and again immediately after separation for surgery.
Parent Coping Style: Miller Behavioral Style Scale
The Miller Behavioral Style Scale (MBSS) is a self-report assessment of parental coping style that uses 4 scenarios depicting stressful situations. 24 This instrument was developed for patients undergoing medical procedures and identifies 4 coping styles, namely, information-seeking, informationavoiding, distraction, and nondistraction. The MBSS has very good reliability and validity. 24 
Study Protocol
Children and their parents were recruited 7 to 10 days before scheduled surgery, during a preadmission visit. Parental consent and child assent were obtained at that time, and demographic data were collected. Baseline measures also were completed, including the EASI, MBSS, and STAI. On the day of surgery, children's anxiety was measured with the mYPAS at 4 time points, namely, in the preoperative holding area, at separation from parents, at entrance to the induction area, and at introduction of the anesthesia mask. A standardized anesthesia protocol was used for each child, in which anesthesia was induced by using oxygen/nitrous oxide and sevoflurane administered through a scented mask. Isoflurane/nitrous oxide/oxygen, 0.1 mg/kg vecuronium, and 0.1 mg/kg morphine sulfate, administered intravenously, were used to maintain anesthesia. An antiemetic agent (ondansetron, 0.1 mg/kg) was administered to all children.
After surgery, children were monitored in the postanesthesia care unit, where analgesic administration and consumption were recorded. After discharge from the postanesthesia care unit, all children were admitted to the Yale Children's GCRC for a 24-hour observation period. Pain management was standardized, and children with Bieri Faces Scale ratings of Ն3 were given 10 mg/kg acetaminophen plus 1 mg/kg codeine at 4-hour intervals. After 24 hours in the GCRC, all children were discharged from the hospital.
After the children's discharge from the GCRC, parents were given packets that included validated assessments of postoperative pain and recovery. For pain management, parents were instructed to administer 10 mg/kg acetaminophen plus 1 mg/kg codeine every 4 to 6 hours if children scored Ն3 on the Bieri Faces Scale. Parents also completed PPPM and VAS ratings of children's pain daily, which were recorded as part of the study on day 2 (first day at home), day 3, week 1, and week 2. Parents were asked to assess the overall pain of their child in the previous 24 hours. Parents were contacted at the aforementioned time points by pediatric nurses from the GCRC, for assessment and recording of pain ratings and analgesic requirements and consumption.
Data Analysis Strategy
All analyses were performed with SPSS 17.0 (SPSS Inc, Chicago, IL). Descriptive statistics were used to provide an illustration of the patterns of pain and medication use in the hospital and at home. To determine any potential predictors of pain severity and medication use, bivariate correlations between these 2 outcome variables and baseline parent and child variables were conducted. One-way analysis of variance was used to explore group differences in baseline characteristics and demographic features according to analgesia received and pain scores. A value of P Ͻ .05 was considered statistically significant. On the basis of literature findings, we defined PPPM scores of Ն6 as indicating children's clinically significant pain. 17 In addition, scores of Ն30 on the nurse-completed VAS and Ն3 on the parent numerical pain rating were considered to indicate significant pain, because these are the most widely accepted pain levels used in the literature. Because very few parents recorded Bieri scores at the defined intervals, we present only PPPM and VAS ratings.
RESULTS
Descriptive Data
A total of 261 children and their parents were enrolled in this cohort study. Means and SDs for demographic and baseline characteristics are reported in Table 1 . Although results indicated some significant correlations between aspects of child temperament, including activity (r ϭ Ϫ0.16; P ϭ .02) and sociability (r ϭ Ϫ0.24; P Ͻ .01), and parent ratings of children's pain on the PPPM on days 2 and 3 after surgery, no overall patterns of significant relationships between the 2 outcome variables of interest in the present study (pain severity and analgesic use) and baseline and demographic variables emerged.
Pain in the Hospital
As can be seen in Fig 1A, a large number of nurses in the GCRC rated the children as experiencing significant pain at the 5 time points during the 24-hour hospitalization. For example, the median pain rating at admission was 27.7 (range: 0 -100), and 41% of children were in significant pain. At the time of discharge from the hospital, 27% of children were still rated as experiencing pain levels of Ͼ30, and the median pain rating was 21.3 (range: 0 -100) (Fig 1A) .
Pain at Home
Examination of the PPPM scores illustrated that 77% and 67% of children were rated by parents as experiencing significant pain on day 2 (mean score: 8. Results of the numerical rating scale completed by the parents were similar, indicating that 86% and 67% of children were rated as experiencing significant pain on day 2 (mean score: 4.9 [range: 0 -10]) and day 3 (mean score: 3.8 [range: 0 -10]), respectively.
Consistent with the PPPM results, 48% of children were rated by their parents as experiencing significant pain 1 week after surgery (mean score: 2.8 [range: 0 -10]). In fact, 23% of children were rated as experiencing pain severity of Ն5 at week 1. By week 2, 16 children (8.1%) continued to be rated as experiencing significant pain. None of the baseline or demographic parent or child variables was significantly associated with pain severity.
Analgesic Use
All except 2 of the children surveyed received analgesic medication during their 24-hour hospital stay. In contrast, on the first day at home, despite the fact that parents rated 86% of children as experiencing significant overall pain, 24% of children received 0 or just 1 medication dose throughout the en- Proportions of children rated as experiencing significant postoperative pain in the hospital and at home. tire day. On day 3 after surgery, although 67% of children were rated by parents as experiencing significant overall pain, 41% received 0 or just 1 medication dose throughout the entire day. Overall, 23% of all children received Յ3 doses of analgesic medications throughout the entire 2 weeks at home, and the median number of total analgesic doses administered at home over the 2-week period was 6 (range: 0 -14). Indeed, 71% of the children received fewer than one half of the 16 possible doses of analgesics assessed at home. The numbers of medication doses administered on days 2 and 3 at home are presented in Fig 6. The total numbers of doses children received during the 2 weeks at home are presented in Table 2 .
For determination of any potential predictors of analgesic administration by parents, children were grouped according to whether they received pain medication on day 3 (0 or 1 versus Ն2 doses received). Day 3 was chosen because of the large proportion (67%) of children rated by parents as experiencing significant pain and the large proportion (41%) of children who received only 1 or 0 medication doses throughout the entire day. Analysis of variance was then used to examine any mean differences in demographic and baseline variables, including child and parent ages, child preoperative distress (mYPAS), parent education, parent state and trait anxiety (STAI), parent coping (MBSS), and child temperament (EASI). There were no differences between the groups with respect to any of the variables, with the exception of EASI sociability scores, which were slightly lower for the children who received fewer analgesics (scores of 17.6 vs 18.8; F 1,158 ϭ 5.6; P ϭ .02). In fact, neither pain severity on the PPPM on day 3 (F 1,121 ϭ 0.64; P ϭ .43) nor average pain severity on the PPPM over the 2 weeks at home (F 1,99 ϭ 0.02; P ϭ .89) predicted medication received on day 3.
Finally, we divided children into 3 categories on the basis of PPPM ratings, to determine whether pain levels predicted medication doses. Specifically, children were categorized into low (PPPM ratings of 0 -5), moderate (PPPM ratings of 6 -10), and severe (PPPM ratings of 11-15) pain groups, and 1-way analyses of variance were performed to examine group differences. There were no significant differences in medication received by the 3 groups on day 2 (F 2,156 ϭ 0.84; P ϭ .43), day 3 (F 2,147 ϭ 0.05; P ϭ .95), week 1 (F 2,153 ϭ 1.40; P ϭ .25), or week 2 (F 2,148 ϭ 0.21; P ϭ .81).
DISCUSSION
Under the conditions of this study, we have demonstrated that children who undergo tonsillectomy and adenoidectomy in the United States are in significant pain and receive just a few doses of analgesic drugs after surgery. To provide an accurate description of pain and analgesic use, a large sample 
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FIGURE 3
Distribution of PPPM ratings of children's pain on day 3.
of children was recruited and intraoperative procedures were standardized, to control for variations in the perioperative environment that might affect postoperative outcomes. In addition, well-validated measures of pain were used and parents were trained to complete the pain rating scales, to increase the validity of the assessments. Our findings regarding postoperative pain at home were consistent with existing literature findings. 3, 4, 7, 9 Specifically, children reported moderate/severe pain that lasted up to 2 weeks.
Children's pain peaked at day 2, but most children continued to report significant pain through day 3 and close to one half of the children continued to experience significant pain 1 week after surgery.
Examination of postoperative analgesic consumption indicated that children received few doses of pain medication throughout the 2 weeks at home. In addition, medication administration was unrelated to pain severity. Many reasons for the low rates of analgesic administration by parents have been suggested, including fears of medication dependence, lack of understanding of the presentation of pain in young children, and beliefs that analgesics should be used only as a last resort. [3] [4] [5] 25, 26 Investigators also found that personality characteristics and sociodemographic factors may affect parents' adherence to pain management recommendations. For example, our group found that parents with less education and more-reactive children gave fewer analgesics, whereas parents rated higher in conscientiousness and those with impulsive children were more likely to provide analgesics to their children postoperatively. 27 What is clear from the literature is that there is a wide gap in the translation of scientific knowledge to children's pain management at home. Although there have been significant improvements in pain management in the hospital, 28 these improvements have not translated to the home. In fact, our team noted recently that many children continue to experience pain despite the availability of evidence-based treatments and practice guidelines. 29 There is a pressing need for researchers to focus attention on the translation of knowledge to target children's pain management at home.
Although our study has scientific merit, it is not without limitations. One limitation is that children's pain was assessed through nurse and parent reports. Although this practice is common, some research suggested that parents and nurses may underestimate children's pain. 30, 31 This suggests that even more children should have been classified as being in significant pain after surgery. In addition, we did not assess factors that might contribute to the low rate of administration of analgesics at home. Future research should focus on determining the specific reasons why parents may not administer needed analgesia, including 
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parental attitudes regarding analgesic medications, personality characteristics, lack of understanding of the nature of pain and analgesia, and challenges in medicating children postoperatively. In particular, swallowing medications may be particularly difficult after tonsillectomy and adenoidectomy, which may contribute to children's unwillingness to take analgesics or parents' unwillingness to administer analgesics. Therefore, these findings may not be generalizable to patterns of analgesia administration after other types of surgery. Finally, children in this study were hospitalized for 24 hours after surgery, which is not standard practice and which might have resulted in lower pain levels at the time of arrival home. Again, this emphasizes the large number of children who are rated as experiencing significant pain at home after surgery.
Because pediatricians, general practitioners, and family physicians frequently need to address postoperative pain management for children, 9,32 this study is of great significance. In fact, it has been documented that up to 60% of parents seek consultation with their family doctors after tonsillectomy because of postoperative complications and concerns, including pain severity and duration. 9, 32 Therefore, pain contributes to increased health care costs by increasing the need for unscheduled postoperative medical visits.
CONCLUSIONS
Optimal pain management after surgery is achieved by providing roundthe-clock analgesic treatment to prevent pain recurrence. 3 Despite clinical care guidelines, many children continue to experience unnecessary postoperative pain. We conclude that a large proportion of children receive little analgesic medication after surgery and research efforts should be directed to the discrepancy between high ratings of postoperative pain provided by parents and the low dosing of analgesics they use for their children. 
